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(54) HIGH PERMEABILITY MN-ZN-BASED FERRITE AND FERRITE CORE FOR PULSE TRANSFORMER 

(57)Abstract: 

PROBLEM TO BE SOLVED : To obtain an Mn-Zn-based ferrite having high μi on 
the lower temp, side (≥20°C) 5 mamtaining stable magnetic characteristics against a 
change of the environmental temp. (- 10 to +70°C) and suitable for a transformer for 
communications. 

SOLUTION: The Mn-Zn-based, ferrite consists of 51-54 mol.% Fe203, 20-25 mol.% 
ZnO and the balance manganese oxide, further contains 0.002-0.04 wt.% Cab, 
0.002-0.01 5 wt.% Sin, and 0.02-0. 12 wt.% CoO as subsidiary components and has an 
initial permeability of ≥10,000 within the temp, range of -20 to 100°C. : , 



PCOtl 



Twwtttri PC-.: 



LEGAL STATUS 
[Date of request for examination] 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 
[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2000 Japan Patent Office 



http:/AA/ww4Jpdl.jpo.go^ 



* NOTICES * 

Japan Patent Office is not responsible for any 
dama ges caused by the use of this translation. 



1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The high permeability Mn-Zn system ferrite which 51 -54-mol % and ZnO are [ 20-25 mol % and the remainder ] 
manganese oxide in a Mn-Zn system ferrite for Fe 203, and CaO is contained 0.002 to 0.04% of the weight, they contain CoO for 
Si02 0.02 to 0. 1 2% of the weight 0.002 to 0.015% of the weight, and is characterized by the initial permeability in -20-1 00 
degrees C being 10,000 or more as an accessory constituent. 

[Claim 2] The high permeability Mh-Zn system ferrite characterized by the rate of degradation of the initial permeability in 

-20-100 degrees C on the basis of the initial permeability of a secondary peak (difference with the minimum value in a 

temperature requirement) being less than 40% in the Mn-Zn system ferrite indicated by the claim 1 . 

[Claim 3] The high permeability Mn-Zn system ferrite which 51-53-mol % and ZnO are [ 22-25 mol % and the remainder ] 

manganese oxide in a Mn-Zn system ferrite for Fe 203, and Si02 is contained for CaO 0.002 to 0.02% of the weight, they 

contain Bi 203 for CoO 0.01 to 0.06% of the weight 0.06 to 0.09% of the weight 0.002 to 0.010% of the weight, and is 

characterized by the initial permeability in -20- 1 00 degrees C being 1 2,000 or more as an accessory constituent. 

[Claim 4] The high permeability Mn-Zn system ferrite characterized by the rate of degradation of the initial permeability in 

-20-1 00 degrees C on the basis of the initial permeability of a secondary peak (difference with the minimum value in a 

temperature requirement) being less than 20% in the Mn-Zn system ferrite indicated by the claim 3. 

[Claim 5] The high permeability Mn-Zn system ferrite which set the secondary peak as -30-10 degrees C by the temperature 

characteristic of initial permeability in the Mn-Zn system ferrite indicated by either of the claims 1 -4. 

[Claim 6] The core for pulse transformers which used the high permeability Mn-Zn system ferrite indicated by either of the claims 
1-5. ' - . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Initial permeability (mui is called hereafter) of this invention is high at a latus 
temperature requirement, and it relates to the core for pulse transformers included in communication equipment about the high 
permeability Mn-Zn system ferrite suitable for using it for cores, such as a transformer for communication. 
[0002] 

[Description of the Prior Art] The Mn-Zn system ferrite used as cores, such as a transformer for communication, is required to be 
magnetic properties, such as high permeability, low tan delta/mu i (relative loss factor), and low disaccommodation (degradation 
of initial permeability with the passage of time). Recently, in order to obtain the magnetic properties which were stabilized to 
change of environmental temperature in addition to this, the thing excellent in the temperature characteristic is needed. 
[0003] When the transformer for communication was designed until now, in order to fulfill the impedance specification by the 
side of low temperature (20 degrees C or less), the fall of mui by the side of low temperature was considered, and high 
permeability materials were selected. On the other hand, there are reports (JP,52-31555,B, JP,61-43291,B, etc.) which improved 
the temperature coefficient of mui by limitation of principal component composition, or addition of cobalt oxide. However, when 
mui was controlled only by principal component composition, the curve of the temperature characteristic of mui was not able to 
have a big wave, and was not able to obtain high permeability by the latus temperature requirement as a result. Moreover, since 
mui fell when the addition of cobalt oxide increases, a high thing is also about 4,000 and the example used for muilOOOO or more 
high permeability ferrites did not have mui. 
[0004] 

[Problem(s) to be Solved by the Invention] For example, it is CCITT to carry out 20mH reservation of the inductance by the. side 
of the circuit in the pulse transformer used for the S/T point interface of ISDN. It becomes an indispensable condition for filling 
the impedance mask set to 1-430. Here, considering the device used, what is installed in the outdoors or under the eaves like a 
public telephone or a Data Circuit Terminating Equipment (DSU) can be considered, and the temperature guarantee in -10-70 
degrees C is needed at least. However, if initial permeability falls remarkably by the low temperature side (20 degrees C or less) 
and it designs under this environmental condition, in order to fulfill the impedance specification by the side of low temperature in 
the case of the conventional high permeability Mn-Zn system ferrite, there was a problem of becoming very inefficient as it said 
that the number of coils was increased or the material of higher mui than required was used. 

[0005] the thing of the above [ this invention ] - taking an example - a latus temperature requirement - high - it aims at 
obtaining a permeability Mn-Zn system ferrite or moreover obtaining a Mn-Zn system ferrite with the small rate of degradation of 
permeability with high permeability by the latus temperature requirement 
[0006] 

[Means for Solving the Problem] In a Mn-Zn system ferrite, Fe 203 is [ the 20-25 mol % and remainder of this invention ] 
manganese oxide, as an accessory constituent, CaO is contained 0.002 to 0.04% of the weight, they contain CoO for Si02 0.02 to 
0.1 2% of the weight 0.002 to 0.0 1 5% of the weight, and 5 1 -54-mol % and ZnO are the high permeability Mn-Zn system ferrite to 
which mui in -20- 1 00 degrees C is characterized by being 1 0,000 or more. 

[0007] Moreover, this invention is a high permeability Mn-Zn system ferrite characterized by the rate of degradation of mui in 
-20-100 degrees C on the basis of mui of a secondary peak (difference with the minimum value in a temperature requirement) 
being less than 40% in the above-mentioned Mn-Zn system ferrite. 

[0008] For Fe 203, in a Mn-Zn system ferrite, 5 1-53-mol % and ZnO are [ the 22-25 mol % and remainder of this invention ] 
manganese oxide, moreover, as an accessory constituent For CaO Si02 0.002 to 0.02% of the weight 0.002 - 0.010 % of the 
weight, It is the high permeability Mn-Zn system ferrite which contains Bi 203 for CoO 0 : 01 to 0.06% of the weight 0.06 to 
0.09% of the weight, and is characterized by mui in -20-100 degrees C being 12,000 or more. 

[0009] Moreover, this invention is a high permeability Mn-Zn system ferrite characterized by the rate of degradation of mui in 
-20-100 degrees C on the basis of mui of a secondary peak (difference with the rninimum value in a temperature requirement) 
being less than 20% in the above-mentioned Mn-Zn system ferrite. 

[0010] Moreover, this invention is the high permeability Mn-Zn system ferrite which the secondary peak set as -30-10 degrees C 
by the temperature characteristic of mui in the above-mentioned Mn-Zn system ferrite. 

[001 1] Moreover, this invention is the core for pulse transformers which used the above-mentioned high permeability Mn-Zn 
system ferrite. 
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[0012] 

[Embodiments of the Invention] In this invention, the reason which limited principal component composition In the composition 
field where Fe 203 exceeds less than [ 51 mol % ] or 54-mol %, and the composition field in which ZnO exceeds less than [ 20 
n\2l^°_]_9L?l^P 0 l 0// ° A secondary peak cannot be set as -30-10 degrees C, and muilO,000 or more cannot be obtained. In the 
composition field whereTe~203"exceeds less than \S l-mol'%;1-or-53-moL 0 /o^and.thexomp,osit ion field in which ZnO exceeds 
less than [ 22 mol % ] or 25-mol %, a secondary peak cannot be set as -30-10 degrees C, and muil2,000 or more c'annof Ee~™ 
obtained. Moreover, in the composition field in which ZnO exceeds 25-mol %, since Curie temperature becomes 100 degrees C 
or less, mui in -20-100 degrees C is because 10,000 or more and mui cannot obtain 12,000 or more high permeability Mn-Zn 
system ferrites. 

[0013] The reason which limited the accessory constituent is explained in this invention. If Si02 exceeds 0.04% of the weight and 
CoO exceeds [ CaO ] 0. 12 % of the weight 0.01 5% of the weight, mui will fall remarkably. Moreover, when CoO is less than 
0.02 % of the weight, the rate of degradation of mui in -20-100 degrees C on the basis of mui of a secondary peak (difference with 
the minimum value in a temperature requirement) is large, and the addition effect is scarce. Therefore, if out of range, it is 
because mui in -20- 1 00 degrees C cannot obtain 1 0,000 or more high permeability Mn-Zn system ferrites. 
[0014] Moreover, when 0.002 - 0.010 % of the weight and CoO are [ CaO / 0.06 - 0.09 % of the weight and Bi 203 ] 0.01 - 0.06 
% of the weight for 0.002 - 0.02 % of the weight, and Si02, mui in -20-100 degrees C on the basis of mui of a secondary peak is 
high, and the rate of degradation of mui (difference with the minimum value in a temperature requirement) decreases, and the 
addition effect is remarkable. In addition, if Bi 203 exceeds 0.06 % of the weight, generating and mui of unusual grain growth 
will fall. Therefore, mui in -20-100 degrees C can obtain 12,000 or more high permeability Mn-Zn system ferrites by limiting to 
this range. 

[0015] In this invention, it is desirable to set a secondary peak as -30-10 degrees C by the temperature characteristic of mui. 
Since, as for this reason, the curve of the temperature characteristic of mui has a big wave when it separates in a low temperature 
side from the range of the above [ a secondary peak ], - If Minimum Value of Mui in 20-100 Degrees C Becomes Very Low and 
Secondary Peak Separates in Elevated-Temperature Side from the Above-mentioned Range mui in the degree range of low 
temperature of 20 degrees C or less becomes low especially, and mui in -20-100 degrees C is because 10,000 or more and mui 
cannot obtain 1 2,000 or more high permeability Mn-Zn system ferrites. 

[0016] The conventional high permeability Mn-Zn system ferrite had the remarkable fall of mui at the low temperature side (20 
degrees C or less), by the transformer for communication as which the magnetic properties stabilized to change (-20-80 degrees 
C) of environmental temperature are required, considered the fall of mui and had selected a high material of mui more than 
required. However, the initial permeability in -20-100 degrees C was made or more into 10,000 by this invention, or the efficient 
transformer design was attained by making the initial permeability in -20-100 degrees C into 12,000 or more high permeability 
Mn-Zn system ferrites. 

[0017] this invention - above - a latus temperature requirement - high ~ by using a permeability Mn-Zn system ferrite, even if 
environmental temperature changes, an original performance can be demonstrated, and the cost cut by curtailment of the number 
of coils and the pulse transformer formed into the small thin shape are obtained 
[0018] 

[Example] Below, the example of the Mn-Zn system ferrite concerning this invention is explained in detail. 
Example lFe 203 52.2-mol%, MnO (Mn 304 is used) 23.8-mol% and ZnO 24.0-mol% was made into the principal component, 
the raw material which shows CaO (CaC03 is used), Si02, and CoO in Table 1 at this and which carries out quantity content was 
produced, temporary quenching of this was carried out at 850 degrees C into air for 2 hours, and preferential grinding was carried 
out with the ball mill for 8 hours. The 1 wt% binder (polyvinyl alcohol) was added to this to the raw material, and the granulatio 
which corned and carried out the particle size regulation in the spray dryer was fabricated by moulding pressure 2 ton/cm2 in the 
shape of toroidal one using a dry type compacting machine and metal mold. This Plastic solid was calcinated at the burning 
temperature of 1400 degrees C, and 1% of oxygen tension, and the minimum value of mui (23 degrees C) of the obtained core and 
mui in -20-100 degree C, the rate of degradation of mui on the basis of secondary peak value, secondary peak temperature (Ts), 
and Curie temperature (Tc) were measured. This result is shown in Table 1 . In addition, the thing of this range considered as the 
example at the remarks column of Table 1, and the thing of this invention out of range was taken as the example of comparison. 
[0019] 
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[0020] mui [ in / -20-100 degrees C / in the example of this invention ] was 10,000 or more as Table 1 showed. Moreover, the 
rate of degradation of mui on the basis of secondary peak value is also 40% or less, and the rate of degradation of the example of 
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this invention is also small. On the other hand, in each example of comparison, CoO is 0wt%, sample No. 10 have the minimum 
value of mui as low as 8500, and its rate of degradation is also as large as 61%. Sample No. 1 1 have much CoO as 0. 1 5wt(s)%, 
sample No. 12 have much CaO as 0.05wt(s)%, sample No. 13 have much Si02 as 0.02wt(s)%, and, in all, mui is low. 
[0021] The raw material with principal component composition as shows example 2Fe 203, and MnO (Mn 304 is used) and 
ZnTHn Table 2~was m^ into air for 2 hours. The raw 

material which adds and carries out quantity content was produced so that CoO as shown in Table 2 might be contained 0.020"%" 
of the weight (CaC03 is used) of CaO(s), and Si02 0.010% of the weight, temporary quenching of this was carried out at 850 
degrees C into air for 2 hours, and preferential grinding was carried out to this with the ball mill for 8 hours. The 1 wt% binder 
(polyvinyl alcohol) was added to this to the raw material, and the granulatio which corned and carried out the particle size 
regulation in the spray dryer was fabricated by moulding pressure 2 ton/cm2 in the shape of toroidal one using a dry type 
compacting machine and metal mold. This Plastic solid was calcinated at the burning temperature of 1400 degrees C, and 1% of 
oxygen tension, and the minimum value of mui (23 degrees C) of the obtained core and mui in -20-100 degree C, the rate of 
degradation of mui on the basis of secondary peak value, secondary peak temperature (Ts), and Curie temperature (Tc) were 
measured. This result is shown in Table 2. 
[0022] 
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[0023] mui [ in / -20-100 degrees C / in the example of this invention ] was 10,000 or more as shown in Table 2. Moreover, the 
rate of degradation of mui on the basis of secondary peak value is also 40% or less, and the rate of degradation of the example of 
this invention is also small. On the other hand, ZnO is 1 9-mol %, sample No. 16 have low mui, and the rate of degradation of each 
example of comparison is also as large as 42%. CoO is 0wt%, sample No. 17 have the low rninimum value of mui, and its rate of 
change is also as large as 43%. 

[0024] Moreover, the temperature characteristic of sample No.3 (example), sample No. 17 (example of comparison), and mui of 
sample No. 10 (example of comparison) is shown in drawing 1 . The example of this invention has high mui at a latus temperature 
requirement (-20-100 degrees C) as this drawing 1 also shows, and the core suitable for the pulse transformer for which the 
temperature guarantee in -10-70 degrees C is needed by operating-environment conditions can be obtained. That is, although the 
conventional high permeability material has the temperature characteristic like sample No. 10 and the field' 20 degrees C or more 
showed high permeability, when it was on the 20-degree-C or less, especially minus side, mui was falling extremely. In order to 
improve this, the composition for which the temperature of the secondary peak of mui was moved to the minus side is sample 
No. 17. Thus, mui by the side of minus can be raised by changing composition. However, in these sample No. 17, the wave 
(change by temperature) of mui was conversely large, and mui was falling remarkably near 20 degrees C - 40 degree C. On the 
other hand, in this invention, it is a minus side, and mui near 20 degrees C - 40 degree C can be raised, mamtaining high 
permeability. And high permeability (10,000 or more and 12,000 or more) has been obtained by the latus temperature 
requirement, and the rate of degradation is also a few outstanding material. 

[0025] Example 3Fe 203 52.2-mol%, MnO (Mn 304 is used) 23.8-mol% and ZnO 24.0-mol% was made into the principal 
component, the raw material which shows CaO (CaC03 is used), Si02, CoO, and Bi 203 in Table 3 at this and which carries out 
quantity content was produced, temporary quenching of this was carried out at 850 degrees C into air for 2 hours, and preferential 
grinding was carried out with the ball mill for 8 hours. The 1 wt% binder (polyvinyl alcohol) was added to this to the raw material, 
and the granulatio which corned and carried out the particle size regulation in the spray dryer was fabricated by moulding 
pressure 2 ton/cm2 in the shape of toroidal one using a dry type compacting machine and metal mold. This Plastic solid was 
calcinated at the burning temperature of 1400 degrees C, and 1% of oxygen tension, and the minimum value of mui (23 degrees 
C) of the obtained core and mui in -20-100 degree C, the rate of degradation of mui on the basis of secondary peak value, 
secondary peak temperature (Ts), and Curie temperature (Tc) were measured. This result is shown in Table 3. 
[0026] 
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[0027] mui [ in / -20- 1 00 degrees C / in the example of this invention ] was 1 2,000 or more as shown in Table 3 . Moreover, the 
rate of degradation of mui on the basis of secondary peak value is also 20% or less, and the rate of degradation of the example of 
this invention is also small. Thus, the example of this invention has the extremely excellent property. On the other hand, Bi 203 is 
0.08wt(s)%, and the example of comparison (sample No.22) has low mui, and is large. [ of the rate of degradation ] 
[0028] The raw material with principal component composition as shows example 4Fe 203, and MnO (Mn 304 is used) and 
ZnO in Table 4 was mixed, and temporary quenching of this was carried out at 850 degrees C into air for 2 hours. To this, they 
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are 0.020 % of the weight (CaC03 is used) of CaO(s), and Si02. 0.010 % of the weight, Bi 203 The raw material which adds 
and carries out quantity content was produced so that CoO as shown in Table 4 might be contained 0.020% of the weight, 
temporary quenching of this was carried out at 850 degrees C into air for 2 hours, and preferential grinding was carried out with 
.theball mill/or 8 hours . The lwt% binder (polyvinyl alcohol) was added to this to the raw material, and the granulatio which 
corned and carried out trie p ai^cle^sizeTe'gulation' in the spray- dryer-was fabricated .by. moulding, pressur e 2 ton/cm2 in the shape 
of toroidal one using a dry type compacting machine and metal mold. This Plastic solid was calcinated at the burning temperature 
of 1400 degrees C, and 1% of oxygen tension, and the minimum value of mui (23 degrees C) of the obtained core and mui in . 
-20-100 degree C, the rate of degradation of mui on the basis of secondary peak value, secondary peak temperature (Ts), and 
Curie temperature (Tc) were measured. This result is shown in Table 4. 



[0029] 
[Table 4] 
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[0030] mui [ in / -20-100 degrees C / in the example of this invention ] was 12,000 or more as shown in Table 4. Moreover, the 
rate of degradation of mui on the basis of secondary peak value is also 20 or less, and the rate of degradation of the example of 
this invention is also small. Thus, the example of this invention has the extremely excellent property. 

[003 1] According to this invention, the initial permeability in -20-100 degrees C can obtain 10,000 or more high permeability 
Mn-Zn system ferrites, and can obtain a high permeability Mn-Zn system ferrite with small degradation of the permeability of less 
than 40% in the rate of degradation of the initial permeability in -20-100 degrees C on the basis of the initial permeability of a 
secondary peak (difference with the minimum value in a temperature requirement) in the Mn-Zn system ferrite further. 
[0032] Moreover, according to this invention, the initial permeability in -20-100 degrees C can obtain 12,000 or more high 
permeability Mn-Zn system ferrites, and the rate of degradation of the initial permeability in -20-100 degrees C on the basis of the 
initial permeability of a secondary peak (difference with the minimum value in a temperature requirement) can obtain the very 
small high permeability Mn-Zn system ferrite of degradation of the permeability of less than 20% in the Mn-Zn system ferrite 
further. 

[0033] Thus, when it uses as a core for pulse transformers which it is high permeability in a latus temperature requirement 
(-20-100 degrees C), and degradation of the permeability within the temperature requirement is moreover also a few outstanding 
material, for example, is included in communication equipment according to this invention, the outstanding pulse transformer can 
be obtained. That is, a high impedance is securable under a harsh environment. And the outstanding pulse transformer can be 
obtained, without increasing the number of coils and enlarging a core. 
[0034] 

[Effect of the Invention] according to this invention - a latus temperature requirement (-20-100 degrees C) - high - a 
permeability Mn-Zn system ferrite can be obtained Moreover, it is not necessary to change (-10-70 degrees C) of environmental 
temperature to consider the fall of mui by the side of low temperature (20 degrees C or less) like before, and to select a high 
material of mui more than required, the curtailment of cost and the miniaturization of a transformer by the number of coils are 
attained, and the core for pulse transformers which used the high permeability Mn-Zn ferrite concerning this invention can 
acquire the extremely excellent effect. 



[Translation done.] 
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